Abstract-The role of serum uric acid as an independent risk factor for cardiovascular and renal morbidity is controversial.
A number of studies have shown that serum uric acid (SUA) plays a role in the development of cardiovascular morbidity in the general population, [1] [2] [3] [4] as well as in patients with hypertension, [5] [6] [7] type II diabetes, 8 and cardiac or vascular diseases. 9 -12 A meta-analysis of data taken from 8 trials that were performed on hypertensive patients showed that each standard deviation (SD) increment in SUA entails an augmentation of cardiovascular risk that equals what is observed for similar changes in blood pressure or total cholesterol. 13 However, the independent role of SUA as a risk factor has been undergoing debate for years. In fact, mild hyperuricemia is often a concomitant finding of obesity, lipid abnormalities, and insulin resistance, all of which are components of the metabolic syndrome (MS). Accordingly, in some studies on white as well as Asian populations, the direct relationship that is observed between uric acid and cardiovascular mortality weakens or disappears after adjusting for confounding factors. 14 -16 Several pathophysiological mechanisms linking SUA to cardiovascular damage at the cellular and tissue level have been proposed, including proliferation of vascular smooth muscle cells, 17 stimulation of the inflammatory pathway, 18 and possible prothrombotic effects mediated by platelet activation. 19 In addition, uric acid has proved to be an excellent marker for tissue ischemia and endothelial dysfunction, 11, 20 and it has been shown to play a role in the development of atherosclerotic lesions. 21 The presence of subclinical hypertensive organ damage signals a condition of increased risk for cardiovascular and renal morbidity and mortality. Thus, the search for left ventricular hypertrophy (LVH), carotid atherosclerosis, and microalbuminuria, which likely reflect both the severity of blood pressure load and other nonhemodynamic risk factors, is currently recommended as part of global risk assessment. 22 Because the role of SUA in the development of cardiovascular disease is receiving growing attention, a better understanding of its relationship with subclinical hypertensive target organ damage (TOD) may help clarify the pathophysiological mechanism(s) underlying this association. The present study was therefore performed to evaluate the association between SUA levels and the presence and degree of preclinical organ damage in a group of middle-aged, untreated patients with essential hypertension.
Patients and Methods
Between January 1998 and July 2002, all patients with primary hypertension attending the outpatient clinic of our institution were asked to participate in this study, which was part of a larger trial (MAGIC: Microalbuminuria: A Genoa Investigation on Complications) approved by the Ethical Committee of our department. Details of the study have already been published. 23 Altogether, 511 hypertensive patients were seen at our clinic within the aforementioned time range, and among them 445 met study criteria and accepted to participate; 356 patients (80%) had never been treated for hypertension, whereas 89 (20%) had received some form of therapy, albeit discontinuously, in the past. However, none had taken antihypertensive drugs over the 6 months before the study. Seven patients (2%) had received or were currently receiving allopurinol treatment and were therefore excluded from this analysis. Thirteen patients declined, and 425 form the basis of the present report. After written informed consent had been obtained, all patients underwent the following procedures, usually within 2 weeks of enrolment in the study: (1) office blood pressure measurement; (2) blood and urine sampling; (3) standard 12-lead ECG; (4) echocardiogram; and (5) carotid ultrasonography. Blood pressure was measured as described. 23 MS was defined according to Adult Treatment Panel III (ATP-III) criteria. 24 Creatinine clearance was estimated by the Cockcroft-Gault formula 25 and ideal body weight was used in the formula. TOD, namely left ventricular hypertrophy, carotid abnormalities, and microalbuminuria, was evaluated in all patients (nϭ425) as described in agreement with European Society of Hypertension-European Society of Cardiology guidelines. 22, 26 Furthermore, in a subgroup of 200 patients (124 men, 76 women), data on renal resistive index were evaluated as described. 27 Please see http://hyper.ahajournals.org for further details.
Statistical Analysis
All data are expressed as meanϮSD. One-way analysis of variance (ANOVA) with Bonferroni or Turkey multiple comparison post-test (as appropriate) was used to analyze data from patients with different levels of serum uric acid, and with or without TOD. Relations among variables were assessed using linear regression analysis and Pearson correlation coefficient. Comparisons of proportion among groups were performed using the 2 test. Logistic regression analysis was performed to assess the independent contribution of several variables, including SUA, to the presence of TOD. All statistical analyses were performed using Statview for Windows (SAS Institute Inc, version 5.0.1, Cary, NC). PϽ0.05 was considered statistically significant.
Results
The main clinical characteristics of our study patients (age range, 20 to 67 years), analyzed on the basis of gender and SUA levels (tertiles), are reported in Table 1 . The overall prevalence of left ventricular hypertrophy, carotid abnormalities, and microalbuminuria was 46%, 31%, and 12%, respectively. The prevalence of carotid plaque was 23%. As expected, men showed significantly higher SUA levels as compared with women (348Ϯ72 versus 246Ϯ60 mol/L; PϽ0.0001). Furthermore, there was a trend toward higher body mass index (BMI), triglycerides, and prevalence of MS with growing tertiles of SUA in men. Women in the upper (SUA) tertile were older and showed higher BMI and lower creatinine clearance. Univariate analysis showed that among the whole group, SUA was directly related to BMI, creatinine, triglycerides, low-density lipoprotein cholesterol, and the components of MS, whereas it was inversely related to high-density lipoprotein cholesterol. These associations were also present in men, whereas in women only a positive correlation with age and BMI and a negative correlation with estimated creatinine clearance were observed. SUA was unrelated to blood pressure components, alcohol consumption, and urinary sodium excretion. There was a significant linear trend for the relation between SUA levels and TOD in the whole group, because SUA was directly related to left ventricular mass index and the severity of TOD. Taking each gender into consideration separately, the correlation was stronger in women: the higher the level of SUA, the higher the left ventricular mass index and the number of TOD that occurred. In contrast, the association between SUA and TOD was not confirmed in men (Table 2) . Overall, patients with TOD had significantly higher levels of SUA as compared with those without it ( Figure 1 ). There was no difference in the prevalence and severity of TOD among the tertiles of SUA in men (data not shown). Conversely, in women the occurrence of each TOD we examined increased progressively from the lower to the upper tertiles (Table 3) . Furthermore, females in the top tertile of SUA showed higher urinary albumin excretion and thicker carotid walls (Fϭ4.3, Pϭ0.015 intergroup comparison) (Table 3). Finally, the severity of TOD, ie, the number of organs involved, also increased from lower to upper SUA tertile in women. In fact, female patients in the highest tertile were almost 6-times more likely to show at least 2 signs of TOD as compared with those in the lowest tertile (Figure 2 ).
The independent relationship of SUA to the presence and severity of early organ damage was confirmed by the results of multiple logistic regression analysis (Table 4 ). In fact, even after adjustment for several known risk factors, such as BMI, age, creatinine clearance, and high-density lipoprotein cholesterol, each 60-mol/L increase in SUA (ie, 1 SD) entailed a 75% higher risk of having LVH and a 2-times greater risk of having carotid abnormalities. The occurrence of any one sign of TOD also increases in parallel with the elevation of SUA (Table 4) . Preliminary data on ultrasound Doppler intrarenal resistive index (gathered on a subgroup of 200 patients) indicate a correlation between renovascular impedance and SUA in women (nϭ76; rϭ0.26; PϽ0.007).
Discussion
The present study demonstrates that SUA levels are associated with preclinical TOD, namely LVH, carotid atherosclerosis, and microalbuminuria, in a large group of untreated patients with primary hypertension, regardless of other known cardiovascular risk factors.
Although several longitudinal studies have previously shown an independent prognostic role of SUA in hypertensive patients, 5, 6, 13, 15 to date, cross-sectional reports on the (1a) and on the basis of the severity of TOD involvement (1b). SUA indicates serum uric acid; LVH(echo), left ventricular hypertrophy by echocardiography; Carotid ATS, carotid atherosclerosis by US carotid scan; TOD 0, patients without signs of organ damage; TODϩ, subgroup of patients with either LVH or carotid abnormalities or microalbuminuria; TODϩϩ, patients with a combination of any two signs of TOD; TODϩϩϩ, those with all three signs of the TOD we examined. *PϽ0.05 and †PϽ0.01 vs patients without damage; ‡ PϽ0.01 refers to inter-group comparison.
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association between mild hyperuricemia and TOD 11, 26, 27 have been scanty. To our knowledge, the present study is the first to systematically investigate the relationship between SUA and cardiovascular and renal abnormalities, ie, LVH, carotid atherosclerosis, and microalbuminuria in patients with primary hypertension. Our findings suggest that uric acid may be implicated in the early pathogenetic stages of cardiovascular damage. They also provide a pathophysiological rationale to at least partly account for the association of uric acid to cardiovascular events and mortality in hypertensive patients. In fact, subclinical TOD represents an intermediate step between exposure to risk factors and occurrence of overt cardiovascular disease and has previously been shown to be a strong predictor of major events. Our study population is especially well-suited for a similar observation because most patients had never been treated, and only a minority (20%) had received some form of therapy, albeit discontinuously, in the past. Furthermore, great care was taken to exclude patients who were taking drugs that interfere with uric acid levels and/or those with a history of gout or renal stones.
The strong correlation we observed between SUA and TOD in women (Table 3) , confirms previous studies 9, 28 -30 that showed a more robust association (of uric acid) with electrocardiographic abnormalities 31 and coronary atherosclerosis 28 in this gender. These findings may in turn account for the previously reported stronger predictive power of uric acid in women, with or without hypertension, as compared with men. In the present study, TOD involvement increased along with SUA tertiles in females ( Figure 2 ) and was independent of several confounders such as age, serum lipid profile, blood pressure, and creatinine clearance (Table 4) . Thus, it could be speculated that the role of SUA as a marker of risk becomes more evident in the context of a lower risk profile (ie, in women). A similar interpretation has been put forward to justify results from the Syst-China study, 16 which found that cardiovascular and stroke mortality increased in parallel with higher levels of SUA in elderly patients with isolated systolic hypertension but who were otherwise at relatively low risk. Furthermore, interaction between sex hormones and pathophysiological mechanisms linking SUA to cardiovascular damage cannot be ruled out. In fact, it has been proposed that the higher SUA levels observed in men as compared with women may be caused by increased renal clearance of urate related to estrogen in premenopausal women.
The association between SUA and early hypertensive and atherosclerotic organ damage is intriguing and suggests that mild hyperuricemia might be a marker of incipient cardiovascular involvement. In the context of primary hypertension, mild hyperuricemia is often a feature of insulin resistance and the metabolic syndrome. As a matter of fact, we observed that higher SUA values in men were associated to an increasing number of MS components (Table 2) , and more frequently to MS itself ( 2 ϭ7.4, Pϭ0.006; Table 1 ). After adjusting for selected well-known risk factors (namely blood pressure, serum cholesterol, triglycerides, and number of MS components), we found a statistically relevant relationship between uric acid and the severity of organ damage (ANCOVA F4.1; PϽ0.019 data not shown). This is partly at variance with data previously reported in the ARIC study, 32 performed on a large group of patients who were free of overt cardiovascular disease, in which the role of SUA as a risk factor for carotid abnormalities was substantially weakened after adjustment for variables linked to MS and atherosclerosis. In women, however, we found that the relationship between uric acid and TOD was independent of the MS, because its components were equally distributed among tertiles of SUA (data not shown).
Several mechanisms have been proposed to account for the association between SUA and cardiovascular and renal abnormalities, and include: (1) increased uric acid production to counteract oxidative stress and endothelial damage in the context of the atherosclerotic process; 33 (2) the severity of hypertension itself; 34, 35 and (3) a subtle reduction in glomerular filtration rate leading to impaired renal uric acid clearance. 36 However, among our patients, we found no differences in blood pressure on the basis of SUA tertiles (Table 3) , and no relationship was present between uric acid levels and any blood pressure components (data not shown). Furthermore, although the correlation we observed between uric acid and TOD was at least partly independent of the glomerular filtration rate (Table 4) , women included in the upper SUA tertile also showed lower calculated glomerular filtration rate (Table 1) . Johnson et al previously proposed that even mild hyperuricemia might exert nephrotoxic effects by inducing vascular smooth muscle cell proliferation at the preglomerular level. [37] [38] [39] This could lead to ischemia, especially in the context of long-standing hypertension. Interestingly, among our female study patients whose renal resistive index was evaluated by ultrasound Doppler, we observed an association between increased renovascular impedance and uric acid (PϽ0.007). This may indicate the presence of hemodynamic abnormalities in hypertensive patients with mild hyperuricemia. Although the cross-sectional design of our study does not allow us to draw conclusions regarding the pathogenetic mechanisms underlying these associations, these findings further support the role of SUA as a marker of renal damage.
Perspectives
The issue of mild hyperuricemia and cardiovascular disease has been getting more and more attention since antihypertensive agents were shown to possibly induce subtle but significant changes in uric acid, which could impact on their ability to provide cardiovascular and renal protection. 7,9,40 However, we cannot rule out the possibility that the more favorable outcome that is observed as SUA changes over time might merely be a reflection of other factors, such as improved insulin resistance 41 or a slight amelioration in renal function. 42 In conclusion, our study shows that increased SUA is a marker of subclinical TOD in a population of untreated patients with primary hypertension. These results support a role for SUA as an independent, modifiable marker of TOD. Further studies are needed to ascertain whether SUA reduction per se confers cardiovascular protection, and the possible role it may play as a surrogate end point of antihypertensive treatment.
